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\b<Jtract • Pure and ammo acid doped potassium dihydrogen phosphate (KDP) crystals have been grown by solution technique at room temperature 
The powder X -  ray diffraction studies for the grown crystals have been made. The dielectric behavioui of the pure and doped crystals has been studied 
m the rniciowavc region using K -  band microwave bench equipped with the Gunn oscillator and guided with rectangular wave guide The grown erysuils 
,1'L siib)cctcd lo Thermogravimetry Analysis (TGA) and Differential Scanning C alorimetry (DSC), in order to identify the changes in the thermal 
.ubiliiv and structural phase transitions.
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1. Introduction
1 cnoelcctric potassium  d ihydrogen  phosphate (K D P) crystals 
aie widely used in m odern short w avelength  laser techniques, 
nonlinear and integrated optics. 'These crystals are applied as 
three-dimensional electro-optical d ev ices , so lid  optical m edia 
toi the freq u en cy  tra n sfo r m a tio n  o f  c o h e r e n t  rad ia tion  
(generators o f  harm onics, generators o f  sum  and d ifference  
tiequcncics for high pow er laser radiatit^n, optical parametric 
osallalors for the infra-red spectral range) and integrated optical 
waveguides. They are a lso  used as Q - sw itch es and shutters 
tor high-speed photography. K D P  is characterized  by high  
nonlinear performance, w ide optical transparency range and well- 
! developed technology o f  grow th. T he point group o f  the crystal 
42wi and the space group is /  4  2 d  (122). T he structure belongs 
j to the scalenohedral (tw elve face polyhedron) class o f  tetragonal 
i system.
Organic crystals [ 1 - 3 ]  p o ssess  high e ffic ien cy  o f  frequency  
^^ n^version, high dam age threshold, w ide range o f  transparency, 
tn ‘.pile of having all p ositive  factors, the organic crystals could  
not be employed satisfactorily, b ecause o f  their poor m echanical 
thermal stability. S o , sem i organ ic crystals w hich have
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com bined properties o f  both inorganic and organic sp ecies, are 
ex p ec ted  to h ave good  o p tic a l, therm al and m ech a n ica l 
properties. K DP crystals doped with ionic impurities have better, 
nonlinear optical property than pure K DP crystals. Som e o f  the 
amino acids like alanine, leucine, histidine etc., are good nonlinear 
optical materials but the growth o f  large-sized defect-free crystals 
is difficult. In the present work, the properties o f  K D P crystal 
doped with am ino acids, nam ely, a  - alanine, P - alanine, (x - 
leucine, a  - histidine, cx - cystine and a  - valine have been  
investigated through powder X R D , FTIR, FTRaman and thermal 
analyses along with dielectric properties in the m icrowave region. 
The 74witter ion present in the am ino acids when m ixed with pure 
K D P crystal, alters the characteristics o f  the pure crystal.
2. Experimental
2 .1 Growth o f the crystal:
The pure and doped K D P crystals were grown using solution  
growth technique. R ecrystallised  salts o f  K D P (99 % purity) 
and triple-distilled water w ere used in the present crystal growth  
experim ent. Saturated so lu tions o f  K D P  (each 2 5 0  m l) are 
separately m ixed  with 0.1 M  solutions o f  the above am ino acids 
(99%  purity) and stirred w ell using a stirrer. The w ell-m ixed  
solutions are allow ed  to evaporate at room temperature. Good*
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2,2 Instrumentation :
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sized crystals were grown within two weeks and the photographs 
o f  the grown crystals are presented in Figure 1.
w m m s m m m
(i) Pure KDP Crystal ( II)  KDP + alpha alanine
(til) KDP I alpha leucine (iv) KDP + alpha histidine
:ssssm
(v) KDP + alpha valine (vi) KDP alpha cystine
(vii) KDP + beta alanine
Figure 1. Photographs of pure and amino acids-doped KDP crystals.
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The powder X R D  data for the crystals were recorded on i 
resolution GUINER X - Ray Diffractometer (SEIFERT, Gerpian! 
The indexed powder X R D  patterns for pure KDP and do|>^ i 
crystals are presented in the Figure 2.
The FTIR and FT Raman Spectra o f  the crystals 
recorded on BR U K ERIFS 66V  Spectrophotometer in the i , 
o f  4000  -  400  cm ”  ^ and 3500  - 50  cm'^ respectively and 
presented in the F igures 3 (a) and 3 (b) respeciivcl\ j}^ , 
m icrowave bench operating at K- band frequencies uiih riuf,. 
diode as the m icrow ave source w as used to determine 
dielectric  constant o f  the sam ples. T he dimension o\ d,. 
waveguide used in the present case is 1.1 cm x  0.4 cm and lu:[i;, 
the crystals are shaped according to this size.
The thermal analysis o f  the crystal has been earned m 
presence o f  nitrogen atm osphere at a scanning rate of 20 ( j^ r 
minute using PERKIN -  ELM ER thermal analysis insirimKin 
The TG A was earned out m the temperature range ot SOd
I
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Figure 2. Indexed powder XRD pattern for pure and amino acid'doped KDP crystals.
3. Results and Discussion
3.1 X - Ray diffraction analysts :
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<00"C and DSC w as carried ou t in the tem perature range 5 0 ° C -  
4(X)'C TG A  and D S C  curves for the pure and doped crystals
.represented in the F igure 4.
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I i|»uri‘ 3. FTIR and FTRaman spectra o f pure and amino acid-doped
I" Dl‘ tryslals
T he presences o f  impurity in the doped crystals arc confirm ed  
by powder X-ray diffraction. The X R D  pattern for the pure K DP  
(2 , 4 |  is com pared with the standard values o f  K D P and is in 
agreem ent with it. From the pow dei X R D  data, the various 
B r a g g s  reflections w ere indexed using Joint C om m ittee on  
P ow der D iffraction  Standards (JC PD S) values for the pure and 
doped crystals The indexed data for the pure and doped K D P  
Crystals are presented in the Tables ( I - 7). By using UNIT CELL  
S o ftw a ie  program, the lattice parameters for the crystals have  
been calculated and are presented in Table 8. T he deviation  o f  
t d  v a lu es , ih e  varia tion s o f  in ten sity  o f  various B ragg's  
feflcc tion s and hence in the lattice param eters, are due to Ihe 
incorporation ot the dopants and causes the lattice contraction  
for all the doped crystals.
3.2 Vibrational hand analysis :
T he structural in v estig a tio n s  for the K D P  15-12) and its  
isom orphous crystals like am m onium  dihydrogen phosphate, 
cesium  dihydrogen phosphate, rubidium dihydrogen phosphate 
etc.s have been carried out by several researchers through FTfR  
and IT R am an  techniques. The atom ic arrangem ents in K D P  
f 13] are such that each P-atom  is surrounded by four O -atom s, 
at the corners o f  a regular tetrahedron. Bach PO^ group is linked  
with four other PO^ groups by H -bond. Neutron d iffraction  
studies revealed that each PO^ group has tw o nearest hydrogen  
and as a group, they form fH ^PO J' ion. The PO^ group and the 
K ions are built-up in such a w ay that K and P atom s alternate 
each other at a d istance o f  c!2 a long the c - axis. Each K ion is 
surrounded by eight O's and four o f  them  are nearer than the 
other four.
tig. 4 contd
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Figure 4. TGA and DSC curves for pure and amino acid-doped KDP crystals
Growth and characterisation o f potassium dihydrogen phosphate (KDP) crystal etc
Indexed XRD data for pure KDP crystal.
5 5 7
/ d(obs) d(calc) Diff. (iO 20 (obs) 20 (calc) D if f ( 2 0 )
1 1 2
s 1
3
0 3
1 2
2 4 
2
4 3
5 3
() 3
7 5
S .3
4
0 I 
0 0
1 ! 
2
2 0 0 2 
1 0
0 3 
2 1
1 2
1 32 0
0 4 
3 2 
2 3
1 0
2 I
3 0 
2 4
5 .09252  
3.73173  
3 .01189  
2 91528  
2 .63824  
2 .55069  
2 .34623  
2 .22979  
1 989 8 0  
1.96024  
1.91292  
I 67108  
I 58589  
1.57318  
1 55667  
1.46261 
1.35263  
1.27698  
1 20468
5 .1 0 6 3 5
3 .7 2 5 9 5
3 .0 0 9 8 7
2 .9 1 8 6 8
2 .6 3 4 6 5
2 .5 5 3 1 7
-0 .0 1 3 8 3  
0 .0 0 5 7 8  
0.00202 
-0 .0 0 3 4 0  
0 0 0 3 5 9  
-0 .0 0 2 4 8
2 .3 5 6 5 0  -0 .0 1 0 2 7  
2 2 2 9 9 6  -0 00017
1 .98244  
1 9 5 5 7 0  
1.91345  
1.66630  
1 58606  
1.57035  
1.54822  
1 .4 6 144  
1 357 5 9
0 007 3 6  
0 .0 0 4 5 4  
-0 .0 0 0 5 3  
0 .0 0 4 7 8  
-0 .0 0 0 1 7  
0 .0 0 2 8 3  
0 00845  
0.001 17 
-0 .0 0 4 9 6
1.27799  -0 00101
1 20767  -0 00299
17.400  
23.825  
29 636  
30 .642  
33 .952  
35 155 
38 .333  
4 0 .4 2 0  
45.551  
4 6 ,2 7 8  
47 .4 9 2  
54 .898
58 119 
5 8 .634
59 318  
63 560  
69 428  
74 202  
79 497
17.353
23.863
29.657
30.606
34 000
35 120 
38.159  
40 4 16 
45 730  
46.391  
47.478  
55 069  
58 113 
58 751 
59.675  
63.617  
69.138  
74 133 
79 262
0.047  
-0 .037  
- 0.020 
0.037  
. -0 048 
0 035 
, 0 174 
0.003  
. -0 179 
-0.1 14 
0.014  
-0.171 
0 007  
-0 116 
-0 357 
-0 .057  
0 290  
0.069  
0 236
bit 2. Indexed XRD data for a  - alanine doped KDP crystal
Xo h k / fi{obs) ^^(calc) Diff, (r/) 20  (ob.s) 20 (calc) Diff (20
1 1 0 1 5 07785 5 0 9 6 7 0 -0 01885 17 451 17 386 0 065
T T 0 0 3.73755 3 732 0 6 0 .0 0 5 4 9 23 787 23 823 -0 .036
2 i 1 3 02166 3 01111 0 01055 29 538 29.644 -0 106
4 1 1 2 2 91238 2 91003 0 00235 30.673 30 699 -0 025
s 2 2 0 2 .64924 2 .6 3 8 9 6 0 .0 1 0 2 8 33 807 33 943 -0.136
() 2 0 2 2 56283 2 54835 0 .0 1 4 4 8 34 983 35 188 -0 205
7 3 1 0 2 35214 2 .3 6 0 3 6 -0 00822 38 233 38.095 0.138
1 0 3 2 .22892 2 22016 0 .0 0 8 7 6 40 436 40 602 -0 167
0 3 2 1 1 .98930 1 .98464 0 .0 0 4 6 6 45 563 45 677 -0.113
0 3 1 2 1.95848 1.95485 0 .0 0 3 6 3 46 .3 2 2 46 413 -0 091
1 2 1 3 1,91383 1.90806 0 .0 0 5 7 7 4 7 .468 47 620 -0 152
) 4 1 1 1.75159 1.75228 -0 0 0069 52 179 52 157 0 022
3 0 3 1.70691 1 .69890 0 00801 53 .652 53 925 -0.273
4 4 2 0 1.67587 1.66903 0 .0 0 6 8 4 54.728 54 971 -0 .243
.S 2 0 4 1 .58350 1 .58004 0 .0 0 3 4 6 58.215 58 355 -0 .140
0 5 1 0 1.46399 1 .46383 0 000 1 6 63 493 63.501 -0 .008
7 5 2 1 1.35618 1.35948 -0 .0 0 3 3 0 69.221 69 .029 0 .192
8 5 3 0 1 .27750 1 .28009 -0 .0 0 2 5 9 74 .166 73 992 0 175
tJ 0 5 1.21095 1 2 1696 -0 .00601 79 .005 78,539 0 .465
The skeletal bending vibrations o f  (H^POJ ' ion  
usually occurs in the region  o f  30 0  -  60 0  crn^l 17]. 
T he strong bands observed  in the FTIR spectrum  
o f  pure K D P crystal at 4 0 3 ,4 1 7 ,4 2 6 ,4 3 9 ,4 5 8  and 534  
cm' are attributed to O PO  bending vibrations. The 
band at 3 6 4 ,5 2 9  and 534  cm"* with weak intensity in 
the F I Ram an spectrum  o f  the pure crystal, are also  
due to OPO bending vibrations. The bands observed  
in the region of900--14(X ) cm  ' belong to the skeletal 
stretching vibrations o f  the dihydrogen phosphate 
ion. A s expected , the very strong bands appear at 
905 and 916  cm  ’ in the FTIR and FTRam an spectra 
are due to the O PO  sym m etric  stretch ing. T he  
corresponding asym metric vibrations ap|*>ear at 1099  
and 1300 cm"' with strong intensity in the PTTR 
spectrum . The .strong band observed  at 1622 cm  ' 
is due to HOH bending. The band at 2363  cm  ' with  
medium  intensity is due to OH sym m etric stretching 
vibration. The OH asym m etric stretching vibrations 
appear at 2 8 3 5 ,2 9 2 1  and 3 4 0 0  cm  '. A ll the bands 
ob served  in the R am an spectra o f  the pure and 
doped crystal below  .300 cm  ', might be due to lattice 
vibrations.
In the spectra o f  am ino acids-doped  crystals, 
som e o f  the bands o f  [II^PO J' ion overlap  with the 
am m o acid vibrations and hence, intensity o f  the 
b a n d s  in c r e a s e s .  F e w  b a n d s  o f  d ih y d r o g e n  
phosphate ion b ecom e broader due to overlapping. 
A lso  som e o f  the frequencies are sligh tly  sh ifted.
In the am ino acid -dop ed  crystals, the vibrations 
o f  NH^" ion o f  am ino acid 114 - 16J appear in the 
F r iR  and FTR am an spectra o f  all the crystals. T he  
asym m etric stretching vibrations o f  NH.," ion appear 
in the region  o f  3 0 9 0 -3 4 0 0  cm"' with strong and 
m edium  intensities. S o m e o f  them  overlap  with the 
OFI stretching vibrations o f  d ihydrogen phosphate  
ion. The asym m etric deform ations o f  NH^^ ion appear 
in the va line and cystin e-d oped  crystals at 1659 and 
1669 cm  ' w ith strong in tensity  respectively . T he  
sym m etry  d efo rm a tio n  o f  NH^* ion  appears at 
around 15(X) cm"' in all the spectra o f  all the doped  
crystals with m edium  intensity. The strong intensity  
bands at around 1602 cm"' in the FTIR spectra o f  
doped crystals is due to C O O  - asym m etric stretching 
vibrations o f  am ino acid. T he band at 1400 cm"' in 
the FTIR spectrum  o f  a  -  a lan ine-doped  crystal is  
due to C O O ‘ sym m etric stretching vibration. T he  
w aggin g  vibrations o f  COO" ion usually  appear at a 
freq u en cy  o f  5 6 0  cm"'. A s  ex p ec ted , th is band  
appears in the FTR am an spectrum  o f  doped  crystal
Hible 3, Indexed powder XRD data for «  - leucine doped KDP crystal.
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S.No h k / ii(obs) f/(calc) D iff (rf) 20 (obs) 26  (calc) Ihif  ( 2 0 )
1
2
3
4
5
6
7
8 
9
10 
1 1 
12 
13
15
16
1 0 I
2 0 0
2 1 I
1 1 2 
2 2 0
3 I 0
1 0 3 
2 1 
1 2
1 3 
3 0 3
2 0 4
2 I
3 3 
2 4
5 10508 
3 .74299  
3 .02245  
2 92762  
2 .65854  
2 35425  
2 .23826  
1.99349  
1.96189  
1.91840  
1.68029  
1.57951  
1.35769  
I 25237  
1.20788
5 09914  
3 .72970  
3 01037  
2 .9 1 2 4 0  
2 .63730
0 00684  
0 .0 1 3 2 9  
0 01208  
0 ,0 1 5 2 2  
0 .0 2 1 2 4
2 35887 -0 00462
2 .22297  
1.98372
17 354  
23.752  
29 .530  
30 .510  
33 685 
38.197
0 .0 1 5 2 9  4 0 .260
0 .00977  45 .462
1 95489  
1.90953  
1.69971 
1.58174
0 0 0700  46 237
0 00887 47 348
-0 01942  
-0 00223
1 35873 -0 .00104
1 2 5 6 2 1  -0 00384
1.20627 0.00161
54 572  
58 .377  
69.133  
75 914  
79.245
17.377  
23.838  
29.652  
30.673  
33 965 
38 .120  
40 .549  
45 .699  
46.412  
47.582  
53.898  
58 286 
69 072  
75 641 
79 372
-0 .023  
-0 086  
- 0.121 
-0 .163  
-0 280  
0.078  
-0 289  
-0 .237  
-0 175 
-0 234  
0 .674  
0 .090  
0 060  
0 .273  
-0 127
Table 4. Indexed powder XRD pattern for a -  histidine doped KDP crystal
and a lso  this band overlap s with the OP(3 bend 
vibrations o f  d ihydrogen  phosphate ion. The( i[ 
b en d in g  v ib ra tion s o f  am in o  acids appear n 
frequency o f  1447 cm-* in the FTIR spectra of 
leu c in e  and h istid ine doped  K D P  crystals in 
FTIR spectrum  o f  va lin e doped crystal, a stnjn« 
band appears at 1559 cm"*. T his is due in (' - i 
sym m etric stretching vibrations o f  ammo auds f 
the F T R am an  spectrum  o f  cystine-doped  Knp 
crystal, the w eak  band at 1830 cm'* is attnhukd 
SH  vibration [14 ]. T he ab ove mentioned bands u> 
the FT IR  and FT R am an spectra o f  doped 
confirm  the p resen ce o f  am ino acids in the d(»pe,j 
crysta ls.
3.3 Dielectric studies :
U sin g  a K -band m icrow ave test bench, mich»v\avi 
m easurem ents have been  carried out to determine 
the d ielectric  constants o f  the pure and doped KDP 
crystals. A  d irect and accurate method oi Ruben 
and Von - H ip p ie  |181 w as used to measiiic the 
dielectric  constant o f  the sam ples. The ( a\is 
the K D P  cry sta l h a v e  b een  id en tified  and tlu
S.No h k 1 d(obs) ^(calc) D iff (d) 29  (obs) 20  (calc) Diff (2 0 ) shaped in order to su it the w aveguide. The \i'r,
I 1 0 I 5.1 1332 5 .0 9 1 3 0 0.02202 17.329 17 404 -0 076
H ippie m ethod is based on the measurement >hin 
in the m in im um  o f  standing w ave produced b\ j
2 2 0 0 3 73898 3 73267 0.00631 23 778 23 819 -0.041 short circuit w hen a sam ple o f  dielectric is placed it:
3 2 1 1 3 .03249 3.01031 0 .02218 29 .430 29 652 -0.222 front c^ f the short circuit. The shift 'A ' in the miimmi.n
4 1 1 2 2.92198 2 90587 0.0161 I 30 .570 30 744 -0 174
o f  standing w ave  is caused  due to the presence >1
5 2 2 0 2 ,64329 2 .63939 0 .0 0 3 9 0 33 886 33.937 -0 .052
the sam ples. From  the sh ift, the dielectric conskm! 
o f  the pure and doped  K D P  crystals ha\c heei.
6 2 0 2 2 .54946 2 .54565 0.00381 35.173 35.227 -0 .054 c a lcu la ted  at a fr e q u en cy  o f  19 .403  CjH/ and
7 3 1 0 2.35031 2.36075 -0 .01044 38.264 38.088 0 176 presented  in T able 9 . T he d ielectric constant \i. '
8 1 0 3 2 .23146 2 21590 0 01556 40 388 40 .684 -0 296 o f  the crysta ls is evaluated  by using,
9 3 2 1 1 98730 1.98459 0 00271 45 .612 45 .678 -0 .066 1
Pd =  - ( A o /2 a ) ^ ] ^10 3 1 2 1.95800 1.95376 0 .0 0 4 2 4 4 6 .334 4 6 .440 -0 106
1 1 2 1 3 1.91278 1.90543 0 .00735 4 7 .496 47 ,6 9 0 -0 194 w here is  phase constant o f  the wave m
12 4 1 I 1.75328 1.75231 0 .00097 5 2 .124 52 .156 -0.031 d ielectric m edium  having  perm ittivity
13 4 2 0 1 67260 1 66930 0 .0 0 3 3 0 54 .844 54.961 - o n  8 gu id e w avelen g th , , the relative pernieabilil'
14 2 0 4 1 57561 1.57733 -0 00172 58.535 58.465 0 .070 (Hj.  =  1 at h igh  freq u en cies), A q , the free spac?
15 5 1 0 1.46494 1.46407 0 .00087 63 .447 6 3 .489 -0 .042
w a v e le n g th  and a, the w id er  d im e n sio n  o(
16 5 2 1 1.35651 1.35958 -0 .00307 69.201 69.023 0.179
w avegu id e.
17 5 3 0 1.27797 1.28029 -0 .00232 74 ,135 73 .977 0 .157
T h e d ielectric  constant o f  the pure K D f  
[18] is com pared  w ith  the standard value and is 
agreem ent w ith  it. It can  be noted that the dielectrn 
coastan t o f  d oped  K D P  crystal is less than thai'^ f
18 4 3 3 1.25867 1.25561 0 .0 0 3 0 6 75 .468 75 .684 -0 .216
19 3 0 5 1.21081 1 .21504 -0 .00423 7 9 .016 78 .688 0 .328
2 0 4 2 4 1.20336 1-20471 -0 .00135 7 9 ,602 79.495 0 .107 the pure K D P  crysta l w hich  m ay be due to iht
d ec r e a se  o f  d ip o le  m o m en ts  o f  the moleculi!>
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No
diobs) d(calc) Diff (d) 20 (obs) 20 (calc) D if f (2 0 )
! 2  
I '
14
15
'ft
; 7
IS
4 0 0
4 2 0 
2 0 4 
4 2 2
5 1 0 
5 2 1
2 I 5
3 0 5
5 11758 
3 .74812  
3 03051 
2.92001  
2 64268  
2 55823  
2.35533  
2.23257  
1 99444  
I 96315  
1.86802  
I 67332  
1.58331 
1 51570  
I 46277  
1 35633  
1 28004  
1 21022
5 09228  
3 .73852  
3 .01358  
2 .90522  
2 64353  
2 .54614  
2 36445  
2 .21418  
1.98729  
1 95524  
1 86926  
1.67192  
1 57648  
1 50679
0 02530  
0 .00960  
0 01693  
0 .0 1479  
-0 .00085  
0 01209  
-0 .00912  
0 01839  
0 .00715  
0 00791 
-0 00124  
0 00140  
0 .00683  
0 00891
1.46637 -0 .00360
1.36158 -0 00525
1.28422 -0 .00418
1 2 1 4 5 6  -0 00434
17 314
23.719
29 450
30.591
33.894
35 048
38.179
40.367
45 .439
46 205
48 .706
54.818
58 223
61 .090
63.552
69 212
73 995
79 062
17 401 
23 781 
29 619  
30.751 
33 882 
35.220  
38 026 
40.717
45 612
46 403 
48 672 
54.868  
58 500  
61.490  
63 378 
68 907 
73.714  
78 724
-0 087 
•0 062 
-0 169 
-0 1 60 
0 01 1 
-0 172 
0 153 
,-0  350 
-0,171  
-0 198 
, 0.034  
;-0 050 
-0 277 
-0 400 
0 174 
0 105 
0 281 
0 338
ibif 6. Imicxcd powdci pattern for a  - cystine doped KDP crystal
\o h / d(obs) rilcalt) Ditl ((/) 20 (obs) 20 (calc) Diff (20
1 1 0 1 5 09958 5 08133 0.01825 17 376 17 439 0 063
-> 1 1) 0 3 73781 3 71272 0 02509 23 786 23 949 -0 163
: 1 1 3 02040 2 99777 0 02263 29 551 29 779 -0.228
4 1 1 2 2 92047 2 90317 0 01730 30 580 30 773 -0 187
S n 2 0 2.64824 2 .62529 0 02295 33.820 34 125 -0 305
u 2 0 2 2 56029 2 54066 0 01963 35 019 35 298 -0.279
1 1 0 2 35063 2 34813 0 .0 0 2 5 0 38 258 38 301 -0 042
s 1 0 3 2 22958 2.21689 0 .01269 40.423 40 665 -0.242
') 2 1 1.99325 1.97500 0 01825 45.468 45 912 -0.444
0 1 2 1 96141 1 94721 0 01420 46 249 46 606 -0.357
1 4 1 1 1 76323 1.74364 0 01959 51 808 52 434 -0 626
2 4 2 0 1.67429 1 66038 0 01391 54 784 55 282 -0 498
2 0 4 1.57801 1 57713 0 .00088 58 438 58 474 -0 036
4 5 1 0 t 46160 1 45625 0 .00535 63 609 63 871 -0 261
S S 2 1 1.35541 1 35264 0 .00277 69 266 69 428 -0.162
6 5 1 2 1 32636 1.34361 -0 .01725 71.008 69.962 1.046
7 4 4 0 1.29623 1 31264 -0 01641 72 .920 71 865 1 055
X 2 1 5 I 28118 1.28510 -0 .00392 73 918 73.655 0.263
7 3 0 5 1 2128! 1.21441 -0 .00160 78 .860 78.736 0 124
0 4 2 4 1 20413 1.20192 0.00221 79 541 79 716 -0.175
admixture, thereby confirm ing the high dielectric
strength o f  doped K D P crystals.
J.4 Thermal analyses :
The K DP type com pounds for different heating  
cyc les show  a high temperature phase transition 
(HTPT) at a characteristic temperature 7 \  There 
are h ow ever, large d iscrep an cies found in the 
literature 119 - 30] concerning the nature o f  this 
transition, as w ell as regarding the num ber o f  
additional transitions at high tem peratures. Foi 
e x a m p le , a structural p h a se  tran sition  from  
tetragonal to m o n o c lin ic  sym m etry  has been  
proposed for K DP type com pounds healed above  
room temperature, loss o f  water w ill take place, as 
in the fo llow ing reaction:
(s) M, H ,P ,(.y) + ( ; /~ i) H / )  ( v),
( n  >  1 )
where n is the number o f  m olecules participating in 
the thermal com position , s and i' denote solid or 
vapor state, respectively. A ccording to Lee 122], as 
a con.sequence o f  the above equation, the term  
HTPT at should be replaced by the term, onset 
o f  partial polym erization at reaction sites on the 
surface. Lee concluded that the high temperature 
phenom ena occurring upcm heating around in 
K D P  typ e  c r y s ta ls  w ere  d ue to the therm al 
dehydration.
The TG studies o f  the pure and dtiped KDP  
crystals are recorded under nitrogen atm osphere 
from r(K>m temperature to 8 W C  and the results from 
the thermogram are presented in Table 10. From the 
TG curve o f  the pure K D P crystal, it is seen that the 
crystal is thermally stable up to 3(X)X' in the nitrogen 
atmosphere and after this temperature, a single stage 
decom p osition  takes p lace. T he w eight loss is 
around  12 .8%  and th is  c o r r e sp o n d s  to  
approxim ately the loss o f  one water m olecu le for 
every KPO^ unit and the end residue is large. In the 
a m in o  a c id  d o p e d  c r y s t a ls ,  the s ta r tin g  
d eco m p o sin g  tem perature is sam e for all the 
crystals excep t for the alanine and valine-doped  
c r y s ta ls .  In th e s e  tw o  c r y s ta ls ,  the s ta r tin g  
decom position  temperatures are shifted to 328"‘C  
and 3 3 r C  resp ective ly . T he w eight lo sse s  are 
sligh tly  decreased  to 11.9% in the case o f  a  - 
histid ine and (3 - alanine doped crystals w hereas 
in the other cases, the w eight lo sses are alm ost 
around that o f  the pure K D P  crystal.
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Dible 7. Indexed powder pattern for p  • alanine doped KOP crystal 
S No h k I c/(obs) r/(calc) Diff {d) 26 (obs) 20 (calc) Diff ( 2 6 )
1 1 0  1 5.08861 5 09132 -0 00271 17 413 17 404 0.009
2 2 0 0 3.72346 3 73678 -0 01332 23.879 23 792 0 086
3 2 1 1  3.01561 3.01247 0.00314 29 599 29 631 -0 032
4 1 1 2  2.91538 2 90491 0 01047 30 641 30 754 -0.113
5 2 2 0 2.63976 2 64230 -0.00254 33.932 33.899 0.034
6 2 0 2 2 55847 2 54566 0 01281 35 045 35 227 -0.182
7 3 1 0  2 36187 2 36335 -0.00148 38 069 38.045 0.025
8 3 0 1 2 34592 2.34527 0 00065 38 338 38 349 0 011
9 1 0  3 2 22433 2 21419 0 01014 40 523 40.717 -0.194
10 3 2 1 1.98565 1.98644 -0.00079 45 652 45 633 0 019
11 3 1 2  1.95874 195465  0 .00409 46 315 46 418 -0 103
12 2 1 3  1.91476 1 9 0 4 9 0  0 00986 47 443 47 704 -0 261
13 4 2 0 1.67998 1.67114 0.00884 54.583 54.896 -0.313
14 2 0 4 1 57552 157641 -0 00089 58 539 58.502 0 036
15 3 2 3 1 54751 1.54521 0 .00230 59.705 59.803 -0 098
16 5 1 2 1.35149 1 35062 0.00087 69 495 69 547 -0.051
17 5 3 0 1.27799 1 2 8 1 7 0  -0 00371 74.133 73 883 0 251
18 3 0 5 1 2 1 0 8 6  1 21448  -0 00362 79.012 78 731 0 281
19 4 2 4 1 2 0 3 3 2  1 20485  -0 00153 79 605 79 484 0 121
2 0 6 °C  and 2 2 5 °C  are 6 .7 7 1  and 35 
r e s p e c t iv e ly .  T h ere  are large  nun 
endotherm s in the leucine-doped  KDp
starting from 193®C.The change in thc(
Table 8.
pattern
Lattice parameters calculated from powder X-ray diffraction
Crystal a -  b (4) c(A) a  = fi = Y 
(in degrees)
Volume of 
the Unit 
Cell (A)’
Pure KDP 7 4519 7.0012 90 389.3358
KDP + a  ' alanine 7 4641 6 9762 90 388.6677
KDP + a  - leucine 7.4594 6 9863 90 388.7397
KDP 4- Of - histidine 7 465.3 6 9614 90 387.9690
KDP + Of - valine 7.4770 6.9545 90 388.7969
KDP 4- a  - cystine 7.4254 6.9685 90 384.2210
KDP 4- ^ - alanine 7.4736 6 9548 90 388 4551
From the D SC  analysis o f  the pure K D P crystal, it is found
that there is  an en d oth erm ic  peak at 191'^C, w h ich  m ay 
co rresp o n d  to the so -c a lle d  h igh  tem perature transition  
temperature. On heating further, several endotherm ic peaks are 
formed at 2 0 7 ,2 3 1 ,2 4 4 ,2 6 4  and 272 respectively. The change 
in enthalpy at 23 J °C is 21 .045  J /  g. In the alanine doped crystal, 
the sm all endotherm ic peak at 191 corresponding to the 
transition temperature o f  the parent K D P is m issing. But there 
are som e endotherm ic peaks at 2 2 5 ,2 5 0 ,2 7 8  and 308®C, which  
are s l ig h t ly  sh ifte d  on  e ith er  .side o f  the corresp on d in g  
endotherm s o f  pure K D P crystals. The change in enthalpy at
'Cmhulpva,
22 r c  is 10.368 J/g. For the histidine-doped cr\sia> 
the endotherm ic peaks appear at 201,236 Wsi‘ >«• / o
293°C  and the change in enthalpy at 201 is ^rr is
J /  g. In the ca se  o f  va line-doped  crystal ifij. 
endotherm s are form ed at 1 9 6 ,2 3 1,2 7 6 ,29o 
and 315°C  and the change in enthalpies at 196 
are 16.621 and 191.678J/grespertivci\ 
are on ly  three endotherm s in the cystmc dn[v^ j 
crystal at 2 0 0  ®C, 25 T C  and 278°C  and thccnejiM 
liberated at these temperatures are 35.8080,1 s >,4(, 
and 248 .4 6 7  J/ g respectively. F(3r the l')-alaninc 
doped K D P  crystal, the endotherm ic peaks ar. 
formed at 2 1 8 ,2 3 5 ,2 7 5 ,2 9 2 ,2 9 9  and 3 11 (; and ik 
change in enthalpies arc 39 .1914  and 76 994 !/>' 
temperatures 235*^0 and 275®C respectively f roin 
this study, it is con clu d ed  that the ammo aoui 
provides a favourable root for crystallization i, 
produce a crystal with m uch more perfection than 
the parent. This property may be assumed to aihc | 
by the hydrophobic pre^perty o f  the ammo auit ! 
w hich facilitates slow  and .steady crystal yrowth :
Tabic 9. Dielectric constants o f the pure and doped Kl)l’ 
19 403 GHz
Crystal Thickness (cm) Dielectric tonsi.mi
Pure KDP
KDP + a  - alanine
KDP 4 or leucine
KDP a  - histidine
KDP + a  - valine
KDP + a  - cystine
KDP + p  - alanine
0.292
0 .550
0.463
0.260
0 404
0.548
0.525
5 571 / 
5 4716 
5 .r;4.s 
3 72IS 
3 67 1() 
3 62.■>6 
3 574S 
3 4528 
3 4081
3 364.S
4 230"' 
4 164! 
4 06 3 S 
4 7950 
4 712K 
4 6429 
3.6716 
3 6226 
3.4822 
3 9478 
3 8919 
3.8374
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I Thermal analysis o f pure and doped KDP crystal
%  o f  weigh! lossStarting temperature o f  
thermal decomposition ('"C')
p„ic
- alanineKf)l’ 
K[)l’ ■ a - leucine
KPI’ . histidine 
valine
l,I)P t a i-TsPne 
l^ ,)P , /I - alanine
300
328
300
300
331
300
300
12.793  
12.466  
12 74«  
1 1 964
I 3 060  
12 341
II 912
j 4. Conclusions
]he pure and a m in o  a c id s -d o p e d  p o ta ss iu m  d ih y d ro g e n  
[ phosphate c r y s ta ls  w e r e  g r o w n  u s in g  s o lu t io n  g ro w th  
icchniqiic. The p resences o f  ad d itives are confirm ed  through  
; xKi) paticrns and the lattice param eters w ere evaluated . From  
1 the XRD study» it is found that the la ttices o f  the doped crystals 
[ are slightly distorted. A lso , FTIR and FF R am an study confirm s  
the presence o f  am ino acids in the doped  crystal s in ce  m the 
spectra of the doped crysta ls, so m e  o f  the m ain vibrations o f  
umino acids arc present. From  the d ie lectr ic  stud ies o f  the pure 
and doped KDP crystals in the m icrow ave  region , it is found  
that the addition o f  am ino acids decreases the d ielectric constant 
I'j the doped crystals because o f  the presence o f  ionic im purities, 
hrom the thermal analysis, the different stages ol decom position  
hau' been identified and reported. T he therm al stability o f  som e  
m} the dv'iped crystals has been  increased  due to dop ing o f  am m o  
acids
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